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MAGNETIC POSITION MEASURING 
DEVICE USING A PLURALITY OF SENSORS 

AND A SCALE 

This application claims bene?t of international applica 
tion PCT/AT94/00173, ?led Nov. 17, 1994. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The invention relates to a magnetic motion sensor. More 
particularly, the present invention relates to a length or angle 
measuring system having a sensor array, comprising several 
individual sensor elements, and a scale, Whose reluctance 
varies periodically along its length. The sensor may be used, 
for example, in automation or numerical control applica 
tions. 

2. Description of Background Information 
Examples of magnetic motion sensing devices are dis 

closed in German Patent No. DE-A3,214,794 and European 
Patent Document EP 0,093,232 (Heidenhain). In these 
example devices, the sensors are Hall elements Which 
deliver as measuring signals a Hall voltage. An electronic 
system is provided for conditioning the measuring signals. 

The electronic system is complicated and needs at least 
six compensation resistors. In addition, the thermal behavior 
of the compensation resistors is different than that of the Hall 
sensors Which presents a problem. 

Additionally, the Width of the sensors in the measuring 
direction is limited to a maximum of t/4 Where t is the scale 
pitch. Therefore, a good sinusoidal Waveform cannot be 
obtained from the measuring signals. If the sensor Width is 
smaller than t/4, the magnetic ?ux Will not change due to a 
displacement amount of t/4 While the sensor remains adja 
cent the same bridge or perforation. 

This means that such an instrument can detect the position 
of a sensor only for a unit. As an example, consider a ?eld 
plate, Which can be displaced along a tooth rack. The Whole 
system represents a closed magnetic circuit. A displacement 
of the ?eld plate relative to the tooth rack causes a resistance 
value to change periodically, and this varying resistance 
value is used to determine the position and speed of the 
movement of the ?eld plate. To avoid or minimiZe measur 
ing errors, a ?eld concentrator, or pole piece, is used to 
increase the signal amplitude. This sensor unit is large in siZe 
and requires the provision of an appropriate piece for 
mounting the tooth rack on the machine. 

In German Patent document DE-OS-3,926,328, a similar 
device is presented. For increased accuracy, the device 
places more magnetic pole shoes along the measuring direc 
tion. This device is intended for use in digital calipers. The 
device includes an oversiZed measuring head in order to 
obtain a usable output signal. (See, for example, FIGS. 1 and 
6 of DE-OS-3,926,328). 

Another similar device is disclosed in DE-OS-3,704,729. 
A pole piece is attached to the sensor, and, With its alter 
nating ?ux, induces a magnetic ?eld in a tooth rack, Which 
serves at the scale. The device produces a displacement 
dependent signal in accordance With the position of the 
measuring head relative to the tooth rack along the measur 
ing direction. This device has a complicated construction, is 
too voluminous, and is very sensitive to the distance 
betWeen the measuring head and the tooth rack. These 
motion sensing devices suffer from signi?cant limitations. 
Some comprise a scale having a tooth rack, With limited 
accuracy, due to a large resolution and measuring length. 
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2 
Others comprise a scale made of a thin ?lm divided structure 
on a dielectric substrate, Which delivers poor measuring 
signals due to the limited inductive changes along the scale. 
The fabrication of all these device types is expensive. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a motion 
sensing device Which does not have the above-described 
disadvantages and includes a small sensor and scale. It is 
possible to have these characteristics by providing a sensor 
having a ?eld plate With four single sensor elements, and a 
thin scale, made of a continuous soft, steel tape With 
perforated or engraved grooves along its length. The ?eld 
plate makes it possible to detect magnetic differences 
betWeen grooves and bridges of the scale. The use of four 
single sensor elements makes it possible, through additional 
or differential connection of these sensors, to produce good 
sine Wave signals (as a result of displacement along the 
scale) Which varies symmetrically about Zero. Such signals 
result in bene?ts during electronic processing. The sensor 
may comprise several magnetic resistors incorporated into a 
single unit called a ?eld plate. The scale may have a ?ne 
pitch, be geometrically stable, and be made of corrosion-free 
material. The magnetic resistors may be simply excited With 
a single small poWerful magnet. In accordance With these 
features, the folloWing advantages can be achieved. 

Each bridge of the scale can be scanned individually 
Without requiring pole pieces or magnetic concentrators. No 
measuring errors Will appear due to temperature changes. 
The measuring errors Will not appear due to external, 
magnetic ?elds. Parameter drifts Will not occur during 
long-term service. The grooves of the scale may be formed 
using a photolithographic technology or using laser or 
plasma cutting technologies. The grooves of the scale may 
also be punched, Which can reduce costs. By providing a 
scale With grooves cut in one of these manners, the price of 
production of such a scale can be minimiZed in comparison 
to the state of the art. For example, cutting of a metal tooth 
rack is no longer necessary With such a feature. 

The scale may comprise a soft steel tape Which is less than 
1 mm thick. More speci?cally, it may be about 0.2 mm thick. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described in the appended draWings, 
Wherein: 

FIG. 1 is a side vieW of a measuring device in accordance 
With an embodiment of the present invention; 

FIG. 2 illustrates a circuit for electrically connecting the 
sensors; 

FIG. 3 is an isometric vieW of a scale; 

FIG. 4 illustrates an optional pattern of the device of the 
present invention; 

FIG. 5 is a cross-section of the scale; and 

FIG. 6 is an isometric vieW of a scale having a different 
shape. 

FIG. 7 is an isometric vieW of tWo scale portions each 
having a sensor; and 

FIG. 8 is a vieW of a speci?c form of the tape. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

FIG. 1 shoWs a plate (sensor unit) 1 With four individual 
sensors (magnetic resistors) R1, R2, R3, and R4 Which are 
mounted through a substrate 2 on a magnet 3. 
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Sensor unit 1 can be displaced along the direction F in 
relation to a scale 4. Sensors R1, R2, R3, and R4 can each 
comprise a single sensor or multiple sensors, connected in 
series and geometrically spaced relative to scale 4. Scale 4 
can be mounted to a machine tool base, While sensor 1 is 
mounted to a machine tool slider so that it can be displaced 
relative to scale 4. 

FIG. 3 depicts scale 4 in more detail. As shoWn in FIG. 3, 
scale 4 comprises a tape 5 made of soft steel With a 
longitudinal axis L, Which must not be symmetrical. Scale 4 
includes plural rectangular grooves 6, separated by bridges 
7. The Width “1” of each groove 6 in the longitudinal 
direction is approximately equal to the Width “s” of each 
bridge 7, so that s=l=p/2 Where p is the pitch of the scale. 

Referring again to FIG. 1, the sensors R are geometrically 
placed on sensor unit 1, along the longitudinal direction L, 
With the folloWing relative positions: 

k is 0 or a positive integer, 
p is the pitch of the scale, 
d1 is the distance betWeen the outer single sensor and its 

neighbor, and 
d2 is the distance betWeen the inner pair of single sensors. 
The sensors are arranged so that for the represented 

position of the sensor relative to the scale, an outer single 
sensor and its neighbor are over a groove 6 and a bridge 7 
of the scale, While the other outer single sensor and its 
neighbor are positioned over the complimentary part of the 
scale. The pitch p is preferably about 1 mm. For a higher 
resolution, p can be smaller along the corresponding ?eld 
plate. It is also possible to determine the geometry of the 
scale for existing ?eld plates. 

The Width of each single sensor unit R in the direction L 
is preferably p/2, so that l=s=p/2. Accordingly, the output 
signal of the sensor at the displacement relative to the scale 
Will form a good sinusoidal Wave. 

For the speci?ed geometry, by connecting the output 
signals of the respective single sensors R1, R2, R3 and R4 as 
shoWn in the circuit of FIG. 2 (a common Wheastone 
bridge), tWo signals S1 and S2 having the same amplitude 
and a phase difference of 90° therebetWeen can be obtained 
When there is a displacement of the sensors relative to the 
scale. Geometric deviations of approximately 10% are 
acceptable Without affecting the measuring accuracy. 

The vertical distance V betWeen the sensor and scale can 
be betWeen 0.2 mm and 1 mm, and is preferably about 0.6 
mm. When the distance V is too small, deformations of the 
signals appear at the relative displacement sensor-scale, due 
to the appearance of harmonics. When the distance V is too 
large, a loss in signal amplitude Will occur; hoWever, the 
illustrated device is not overly sensitive to the distance V as 
are conventional devices. 

Conventional circuits can be used to evaluate the signals 
S1 and S2. An alternative arrangement of the device is 
presented in FIG. 4 Where d2 is de?ned in accordance With 
k being Zero. Longer grooves are provided in scale 4 in 
comparison to the single sensors Ri, making it possible to 
minimiZe the siZe of sensor 1 along the direction L because 
the single sensors R3 and R4 can be placed in a direction 
perpendicular to the direction L and thus alongside of single 
resistors R1 and R2. 

The invention is not limited to the speci?c embodiments 
illustrated. Rather, it may be varied in different Ways. For 
example, the pitch p (Which Will effect the frequency of 
signals S1 and S2) may be adapted for different applications, 
and for different sensor siZes (Where the value of the variable 
k is large). 
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4 
The illustrated device can be used for position or speed 

measurements in various applications. For example, it may 
be implemented in crane bridges, and so on. Generally, the 
device of the present invention can be used in any system in 
Which it is necessary to make a displacement evaluation. The 
path of movement may be a rectilinear or curved. Since the 
scale is ?exible, it is possible to measure relative positions 
for curved paths, as long as the appropriate vertical and 
lateral distance betWeen the elements of the device are 
appropriately maintained. 

In one preferred modi?cation of the illustrated 
embodiments, scale 4 may be mounted on a support (8) 
Which is a continuous soft steel tape, in order to minimiZe 
the in?uence of the base material on Which the scale is 
mounted. This further shields against disturbant magnetic 
?elds. This is shoWn in FIG. 5. Scale 4 may be glued or spot 
Welded to support tape 8. 

In order to decrease the sensitivity of the amplitudes of the 
output signals to the changes in the vertical distance betWeen 
the sensors and the tape, the sensors may be compensated. 
The sensors may comprise magnetic resistors. A compensa 
tion sensor scans a domain of the scale 4 Where the reluc 
tance does not change. Preferably, the compensation sensor 
is integrated into the measuring head or attached thereto. 
A compensation signal from such a compensation sensor 

gives information only about the distance betWeen the 
measuring head and scale. Other in?uences Will have the 
same effect on compensation, and the measuring signal may 
be neglected. The compensation signal may be taken into 
account by the signal conditioning electronic system. 
The scale may be protected With a cover coating (plastic 

foil) against foreign particles. In this case, the vertical 
distance V is measured from the surface of the soft iron 
measuring scale. 
The Width of the scale may be freely determined, con 

sidering that the minimum Width of the grooves 6 Which is 
perpendicular to the direction L is limited by the siZe of the 
sensors Which must be positioned in the middle of the 
grooves. MinimiZing the scale Width also reduces the in?u 
ence of the border regions of the scale. 
The Width of scale depends upon the lateral limits of the 

measuring track, the mechanical and geometric conditions 
of the application, and Whether a compensation and/or a 
reference track are used. 

It is possible to obtain absolute positional information by 
using several parallel scales With different pitches, Which 
can be scanned from different sensors in the same measuring 
head. This can also be obtained by using a single scale With 
several measuring tracks. 

In a speci?c case, an additional track may be provided 
With only one or a feW grooves for the determination of 
absolute positions, for example, as shoWn in FIG. 6. The 
track shoWn in FIG. 6 includes (I) a reference track, (II) a 
measuring track, and (III) a blank track for a compensation 
signal. Track I includes a single reference groove as shoWn 
in FIG. 6. 
The scale may be mounted to a machine base by using 

adhesives or other methods. The attachment point may 
preferably be outside of the sensitive tracks, so that the 
measuring signals are not in?uenced. Such attachment meth 
ods can include spot Welding, threaded fasteners, or riveting. 
The grooves Within the tape are not limited to a rectan 

gular shape. They may be shaped differently, including an 
oval, circular and rhombic shape. Such shapes are preferred, 
for example, by conveyor or feed belt, and can be used for 
the driving and positioning of the belt. 

Geometric con?gurations of the groove parameters dif 
ferent from I and s may be appropriate, Where those param 
eters have a correlation to the l and s parameters as described 
above. 
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FIG. 7 is a prospective vieW of the invention using a 
plurality of scales each With its oWn sensor With the scales 
being arranged in parallel, as shown. In FIG. 8, a particular 
embodiment of the tape having thickness and Width dimen 
sions substantially equal to the thickness and Width dimen 
sions of the scale is illustrated. As shoWn, the scale Will have 
a thickness on the order of 0.2 millimeters. 
We claim: 
1. Amagnetic positioning measuring device comprising a 

sensor and a scale, at least one of said sensor and said scale 
being movable in relation to the other of said sensor and said 
scale, said sensor comprising four sensor elements posi 
tioned along a longitudinal aXis parallel to a direction of said 
movement, said scale comprising alternating and repeating 
?rst and second sections, said ?rst sections having a ?rst 
reluctance and said second sections having a second 
reluctance, said ?rst sections each having a length “I” along 
said longitudinal aXis and said second sections each having 
a length “s” along said longitudinal aXis; 

said sensor comprising a ?eld plate and said four sensor 
elements positioned on said ?eld plate along said 
longitudinal aXis, said four sensor elements comprising 
?rst and second outer sensor elements and ?rst and 
second inner sensor elements, said ?rst outer sensor 
element being closer to said ?rst inner sensor element 
than said second outer sensor element, and said second 
outer sensor element being closer to said second inner 
sensor element than said ?rst sensor element; 

each of said four sensor elements comprising a ?rst edge 
facing a ?rst direction along said longitudinal aXis and 
a second edge facing a second direction opposite said 
?rst direction along said longitudinal aXis, positions of 
said four sensors along said longitudinal aXis being 
de?ned as folloWs: 

d2=kp—p/4 Wherein k is one of a positive integer and 
Zero, p=s+l is the pitch of said scale, d1 is a distance 
betWeen said ?rst edge of said ?rst outer sensor 
element and said ?rst edge of said ?rst inner sensor 
element, d3 is a distance betWeen said ?rst edge of 
said second outer sensor element and said ?rst edge 
of said second inner sensor element, and d2 is a 
distance betWeen respective said ?rst edges of said 
?rst and second inner sensor elements. 

2. The magnetic position measuring device according to 
claim 1, Wherein each of said four sensor elements is 
connected in a Wheatstone bridge having ?rst, second, third 
and fourth points of connection, said ?rst outer sensor 
element being connected across said ?rst and fourth points 
of connection, said second outer sensor element being 
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6 
connected across said second and third points of connection, 
said ?rst inner sensor element being connected across said 
fourth and third points of connection, and said second inner 
sensor element being connected across said ?rst and second 
points of connection; 

a supply voltage applied across said ?rst and third points 
of connection of said bridge; 

a voltage dividing circuit connected across said ?rst and 
third points of connection of said bridge, said bridge 
outputting a ?rst output measuring signal S1 betWeen 
said second point of connection and an intermediate 
connection point Within said voltage dividing circuit, 
and outputting a second output measuring signal S2 
betWeen said fourth point of connection of said bridge 
and said intermediate connection point Within said 
voltage dividing circuit. 

3. The device according to claim 1, Wherein said ?rst 
sections of said scale comprise engraved grooves and said 
second sections of said scale comprise bridges. 

4. The device according to claim 1, Wherein said ?rst 
sections of said scale comprise perforations and said second 
sections of said scale comprise bridges. 

5. The device according to claim 1, Wherein said scale has 
a thickness of about 0.2 mm, a pitch of about 1 mm, and a 
protective ?lm covering. 

6. The device according to claim 1, Wherein a distance 
betWeen said scale and said four sensor elements is substan 
tially 0.6 mm. 

7. The device according to claim 1, comprising plural 
scale portions having different respective pitch values, said 
plural scale portions comprising one of (1) plural indepen 
dent scales disposed in parallel With each other and (2) plural 
tracks disposed on a common scale in parallel With each 
other, said device further comprising a sensor for each of 
said plural scale portions. 

8. The device according to claim 7, Wherein one of said 
plural scale portions comprises a reference mark for use in 
determining an absolute position of said scale in relation to 
said sensor. 

9. The device according to claim 1, Wherein said scale 
comprises equally spaced rectangular grooves. 

10. The device according to claim 1, Wherein said scale is 
mounted to a blank tape comprising soft steel. 

11. The device according to claim 10, Wherein said scale 
is attached to said blank tape With an adhesive. 

12. The device according to claim 10, Wherein said tape 
has thickness and Width dimensions substantially equal to 
thickness and Width dimensions of said scale. 


